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Induction of early resistance response to Alternaira alternate f. sp. mali in apple

leaves with apple and chitosan fermentation broth
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1 Beijing University of Agriculture, Beijing 102206, China

2 Vegetables Bureau of Xiajin County Shandong Province, Shandong 253200, China
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Abstract; Apple fermentation broth ( AFB) is a kind of natural agent which is made from rapid fermentation of
physiological dropping fruits, artificial thinning fruits and fruits dropping before harvest. Apple and Chitosan Fermentation
Broth ( ACFB) is made by apple and chitosan. The objective of the experiment was to explore the mechanism of resistance
response to Alternaira alternate f. sp. mali. in apple leaves induced by ACFB. The leaves of 2-year-old apple trees ( Malus

domestica Borkh.CV. ‘kudowu’ ) were sprayed with apple fruit broth ( AFB), apple and chitosan fermentation broth
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(ACFB) , chitosan (CHN) and water ( CK). The disease index, control effect, deposition of reactive oxygen species
(ROS), lignin(LIG) and link protein( LIP) , contents of the reactive oxygen, and the activities of POD, SOD and CAT
were investigated after inoculated by pathogen under the above treatments. The results showed the disease index decreased
by 4.3% and 2.4% and control effect increased by 40.7% and 22.2% treated by ACFB and AFB respectively, compared
to CK. The frequency of ROS, lignin and cross-linked protein deposition in leaves treated by ACFB increased significantly
at 12h after inoculation, and the content of reactive oxygen species of were 30% higher than CK. Two peaks were observed
in O, at 12h and 36h and in H,0, at 3h and 24h after inoculation. Compared to CK, the leaves treated by ACFB showed
higher activities of POD and SOD and a lower activity of CAT at 9—72h after inoculation. It suggests that ACFB can
effectively induce the resistance to leaf spot in apple leaves, which may relate to oxidative burst and antioxidant metabolism

at early stage after inoculation.

Key Words: apple fermentation broth ( AFB) ; chitosan; Alternaira alternate f. sp. mali; reactive oxygen species ( ROS) ;

anti-oxidation

SRS W R ) FH R el A B SR N T SRR SR T 7 R A5 T R it (1 00 SR 52, 2 PR 39 5 T ) s 9 A
WIIRE SRR, TR G R R AR I O AL T S SR AR SR B R LA
AREEHAR BRI A, BT AR A SR W SR R B R R el A 7 v B AR A SR AT VE AR LR 2% U T 7 B
PSR IR C 42 RIFFEE RO, B S A R AR IR B & 6 A DL =M
MR E BT MLETE R R R MR FiR 558 IR0 . WO R4 SR R B RE % B AR m AR A
PR SRS T U/ VR WA 4 1 o, A B PR B 1 R A R R SE O A OF B M R R R A A
FHEMT BT APMTHUE I A KR A 2R BT IER , i Wit AE . 35 fe AR A 5 57 A
K SR T RO i, B R S B, A RO A R AL RS0 RS I A, SR AR
F B A BRI RS BRI BT

SERBE ST, SO LTS I | R TR SR X AT R R 2 AR IR SE SR BG
DB AE R I 2 S AT TR 2 2 E & TAE, £ SCIRAET WF 98 & B, R 1198 - nae w30 3 18 Jin 2 79 4
TR e e B Ve R i R A R R AR 1 i, DR S AR R B A R A B . Lin®Y BESY
B P4 S TS A AR TG T 48 (reactive oxygen species, ROS) NN, LA S A9 BT I 1k, AR
PR LITERT TS WA B A IR (SRR 52 7 B Al ) AWl T & A JCHLIR 0 A HILSR 23 F A B ) o
WNBT AL BT 7 B W) SRR A OO BT R A S0 R R R B R A OF a4
Qb FRAR MR A K R T BE T R R P R IR R TA A A B S R BOE T BRA A IR K WA, R R
BERAEAE P v T W, T S BEJL T BT ( CHN) J&— R IE TR A9 B VAR W SE b i 4 4 o, 18
TR R W T S R . R ST ILT BUMASESR IR b IR R RIS AR , A6 I 525 K RN
SR BT 7 A B U R RS AU S S SR MR A BT L RE A OGS A BFI R
M P AR R SR AR (AFB) SRR S5 I ST LT o e A W A S 2R S MEJL T B & IE VM ( ACFB) | JIid £ T
JUT B 45 (CHN) i /K (CK)4 AP B SRR M F 8 Ho e 1% 1 4eCt & I 1) RN e S0 P it 1% 2 179
AR, R ORI P OB AT T 75 B FHAILBE, DA e 0y 105 A T T 382 e A 470 A 5 T 140 o7 ] i ARk B0
WA
2 MHBERE
2.1 RXEAR
2.1.1 e

TR ERA K K B—3H) 2 aFAE B E + ( Malus domestica Borkh. CV. ‘ Kudowu’ ) & EHZ5 ( Malus
hupenhensis var. pingyiensis) , T 2009 FHEA I EHAE 32 em | F H EHZEN 28 cm BRI, A FE N
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Tt AR AR UL =3:3:3:1  IE W AR, AE T 2010 4F 4 H i M AR AT,
2.1.2 KCERLFH R BB &

SRR SR VR (AFB) A < BT RIA R R B T GRS SV 5 M B SRR, 4550 SR /K L0 1
FK=50:20:2:1 WY ELBNR G, BABIEAR NP, HE A 10,28 CRM4F, K lE 25—30d, Hil 153 L R 0L B
W, LUBEH ORI A R O a4 57 A A Sk N B B FI 4L

SEARWE ST ILT iR B ( ACFB) TI4E - A R, e BESE LR S0 5 CHN s Lo 100001 A9 He A5 B £ 1k
JUT 5t (CHN, E 7= AE 290 Iin A SR iR (A 3 RS b A R S804 T R B i

Bt ZBEJLT BT (CHN) JE i il 5 . CHN, B = 2B, 76 9. SmL HEZE /K IIA 100mgCHN, FFIILA 300 L
VKR , PR 24h J, F 1mol/L NaOH ¥ & pH6. 0, F JH E 78 K& M7 24h, Hr Ak 2—3 R, BTG
CHN JFRAE AR A4 )5 B T -20°C kA IV 74 F . BHARSG RS ¥ CHN % 1mg/mL,

2.1.3  PIRBERTE R IR S AR R R R A

H 32 S ST e R B AN 21 PDA B 573 (S48 200 o/ L, Bk 10 o/ L, #iAGHE 20g/L &% 121°C
K 20 min) |, F26 CFREFESd, JGEMBE TAEG R LRI R 2, k2L 5% 2d, )R E 3 W, BIa] 7= A KAl
T BFEEFR N AF FI 22, FJC K sk e, B2 B 4ot ok 2 vk, BV 202 . /R Boi i
B A N 2x10° 4~/mL, LA Tween 20 (RFV3%00.05% ) £,

2.2 I
2.2.1  BE R e i T R 4 B B0

HOE ST RS 2—3 (T F, B G 2508 /KIR08 A 02 I8 4R 85 3% L, 22 B 405 82 b JE B 35 7K, A4 il 8]
P B PP BE 7 s DA 6L BRI (2x10° A~/mL) RS B T AN AR 5%, 3R IR 25°C, THEME
6 .24h Ji7 , B 2 SUR A SV R W e (3 BRI IR B B0 . K A B 95% BRI 2= FL i
SRR AW (LRI, A FLIR i 2K = 1:1:2: 1, FLESI R AIA 0. 05% —O0. 1% (RAR 5 BRI 754 0% L.
PR ) o =R T RRE 48h LU, BOH I R HZR KR 2 WK, Jake i A B KA SR B N (S g
KA G 2mL 7K ) o 30min, UG 1 KELE M H509% H I AGF 28550 ) A, WS A0 1 1 & Rl el 22 4 Kok
B, R 1R MR B B I
2.2.2 KRR T

RIS 4 4bH L, AP T (AFB) WS SR R S K R 100 59 ; Ab B 1T ( ACFB) « Wit 3% SR i 2, Tk
JUT AL & T 100 A5, A EE T ( CHN) - B35t 1me/mL B 2 BEJL T R, AR BV (CK)  BEiETE K, BEHLIX
T, BN 10 #R,3 IRER . AFERTF B 10 ASRTME i SE R L, BB Sd i 1, Jemiit 3 ik, 553
WSt 3d J5 , PEA R R b T 3R T S35 S SR 5V i JE A A6 - B PRI (2 10° A/mL) | #ERN S 41/
HEM , CREFI AR B 859% LA b, BB,

2.3 IkFE bR
2.3.1 SR R B TE TR B0 PR RO I E

SR R REFRI S 8d, SET T R BEAN B, BN FE R IR 4 G0V 4328 ARIER O G JOIR BT 5 1 9. i BRE T AR
ASEBAE AR 1/10 32 2 R B AR 5 AR 1/10—1/5 33 9% i B AR T AR Y 1/5—1/3 34 2% s eI
U Y 1/3—3/4 0515880 = [ X (FFIRM>ZIRRAA) / (AL B < S B ) ] %100 ; B IR CR =
[ (W B HE —Ab B ER ) /% R4S 1 %100,

2.3.2 AWt RS TEAR SRR I ORI R DI E 4R

SRR 2R F SR 2R ( Diaminobenzidine , DAB) et k! | FREFNE 120, BOE R LR F 5995
BEh 23857 , VI, 0. Sem B9/NHe BRI S S /B, 2SR K DEv . BGE & DAB 443 (1 mg/mlL, pH
3.8),JH NaOH 14 pH {HZ 5.8, 4> BN AR W LN 28°C EBENCARAE 8h, FEJSG W LY, IIA 80% L,
A8, W A, INATEIK CBEI Tl 7K v B 4 e 58 i 25 0 1k, BRI AR, A TE K S, &
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F 4°C VKAE NARAT 240 J5 , DO B 5308 ( Axiovert 200, 4277 1 Carl Zeiss AG) MELICEL, &/NREL 10 441
B WG s R ST R R R S TR A A

AT E (lignin, LIG ) VIREVEER FHIRIE = By-Eh MR e (k™) L IR EFN G 720, BRI - Bk 45
Vo 2H BRI 2 A A3 P R IR B, AR BRI 5 B, 1T 1% YIRS = -Eh R UL 5 10min, 1] 50% HHli+6N AYEL
RAIEE) B A, R B B8 ( Axiovert 200, 4 P21 Carl Zeiss AG) WEE, BE/NHUILER 10 NALET 102,
(C2/I=RIRAYER g A

SEIRAE 1 (link protein, LIP) YIBUM SR 2% Sl se i Ye (k™) 0 i TRERP IS 720 KE R 41 E0CA 4 i 2
G L3R 73 P B HOGR B R AR BRI S /N R AR 80°C IR BEAE 1% SDS 24 h, JH 0. 1% 1% B8k,
40% L B%/10% LR 15min, ] 40% LBE/10% SFRE WP UE . J5 8 T8I b, 6 B 2B (Axiovert
200, 477 R Carl Zeiss AG) MEL 45/ 10 DMHLEF iR Y SDTRR A 70 1L
2.3.3 I RS P AR S B BORE S I

R4S O R R A R, T 1 1 R IRV A B 55 B LB JL T B R AKX R = 3 A T p AR
WG PRI e, PR DU AT A 2 (0,7 ) Ml AL A ( Hydrogen peroxide, H,0,) 1%, 0, &
R E M, S R 2 E & 17 kil g, H,0, &S AR D& 1y ki g, o A Ak A
(catalase , CAT) A ALY AL (superoxide dismutase,SOD) i E ALY ( peroxidase, POD) 1% P42 MR 5k 3k
AU D R E

2.4 BdEoatr
& Microsoft Excel 2003 F1 DPS8. 01 WAk {4 b P %k
3 ER5H5H

3.1 BERIEFR ML b S R e 15 0 Y 2 fonL ¢

TP 1 AT UL, o ST R B R LR A I R B4 6h Ji5 , fi07-(SP) Bl &, REEZFAE (GT) K W1 R 22 (TH)
Al IR 24h J5 R 2 R AR A0S0 T2 AR R RIR YL AEM 3R IR R
Ff— S5 e SR O W BE , H I TE S JRE A 7 I S T 0 SR R BAT B0 )

E1 B REMEREENESRERBIRK
Fig. 1 Inoculation of pathogen and formation of lesions on apple leaves inoculated in culture dish
AJRBEER 120, 0T RBH R ML K B R G 48h, WFIB I C W B R U — 1B SO B, i R 76 00 2 450 A0 1o B, A 000 432 o i T
R BRBE, SP, 7 GT, 245 TH R YL i 22

3.2 AL BRAAE T SE S LA I o X B A5 e Y K1 EMSdEZLEERDRM H HREISE SRR

fﬁ‘%%‘éé&( 5 Iijiié.@‘(% Table 1 Disease index and control effect of young apple leaves at 8
{13 1T R LR RS (S SRy SR —

SFBE £ 7% 9 49 995 1 4 KRN 7 ¥ AR AR TE 2 Treatmens Discase inlex Contrl e

ACFB Gb BN F s 6 4 3 /N T B, Bk AFB 8. 1ab 2.2

LA AFB AR U R S5 0 T X, B . - ot

BOR AT R T 22.2% CK 10.5a -

a.b e ARG OB 2R 2 P<0. 05 B3R
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3.3 R NSRRI 4 ROS | LIG \LIP PR

I 2 AL AN AN 28 e R A 38T A S SR gl R it e 260 SR TR R G Je AR a5 BT ROS \LIG
M LIP BUTAL, M ROS UIBSER , ACFB ZLBR (M Fr ROS BIUTER E 43 Fefe 5, 5 % IR 22 594 i 35 CHN Ab 3t
By F ROS UURRE 7 He Rk, S5 0 I H 25 5 1 3 AFB AR B I F ROS DIFR A 20 e S X IR 22 R i 2% (&
2A.D), ACFB 23Ryt i LIC UURL S X IR b 22 7 W 2, HAAL S S5 X 22 5 R 2 (812 B E) . LIP BT
U5 LIG #H[A], ACFB Ab3it R PR 0 2 TR (B 2C F) . X ULH] ACFB bR ISR GIRI I ) 285 1
P R R R G, BE AT S it R 3 M AR DO, SRR S I e 40 1 4 B TR e 1 40 I — — AR JB 25 R4

JiLRE SR IR AR
_D a
30 F b
be
20
c
10
0 1 1 1
AFB ACFB CHN CK

a
I b
1 1 i 1
AFB ACFB CHN
a
ab
i b

1 1 1
AFB ACFB CHN CK

Kb ¥ Treatments

50

40

WA VIR E 4
ROS deposition site frequency/%

ARBRVOBE 43 e

LIG deposition site frequency/%

CK

IR F R E 43 e
LIP deposition site frequency/%

B2 REEEMESLENERYHITE ROS.LIG.LIP iR E Yt
Fig. 2 Deposition of ROS.LIG and LIP in apple leaves after inoculated by pathogen under different treatments
A FIE R 12h, ROS IR AR A 5B W HEFD 48h, LIG YURL WA A 5 C: R HeFh 48h, 4 HIBE LIP JIBLEMIE 5 D: % 4bH ROS
TR AP IL B A ALBE LIG YUARE 43 [ F o A AL BELAIAE LIP JUARE 43 L ; TH: RUTEZZ;Ap: MIENE; ab e FXBH HI E M 225K P<
0.05 & KF

3.4 AL BREA T IR F 9 B R S 9 ROS 24k
MIE 3 W LLE Y ACFB A1 CHN AbHE I - 20 R R YL S e 0 & Bk 6h 11 60h #b, H g sf [a] 55

YIms FXT R ELAE 12h A1 48h 43 ) H L s ACFB ALFRIM - H,0, & S ARG E B £ S 3h A1 24h 4351 H 3
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B S B PN A, FE SRR 240 J5 A FIRCR & ACFB>CHN>CK (1K 3) . B4 ACFB 1 CHN AbFH (3 S 2 b
M H 7RG R RS 12h 1 24—48h Wi-MINFE]BE , ROS P2 A F b

600 — +ACFB

WA E SR

H,0, Content/(umol/g )

RE IR T H

0~ Content/(umol/g #E )
-
(=3
3

500 —=—CHN
400 ——CK
300 P S S 0 . A L L L
0 3 6 9 12 24 30 36 48 60 72 0 3 6 9 12 24 30 36 48 60 72
ez udingla] FE N ]
Times after inoculation/h Times after inoculation/h

3 FREEMEELENERMF O 1 H,0, 82NN

Fig. 3 Changes of O;" and H, O, contents in apple leaves after inoculation

3.5 A[AALFR AR SR LA I oo R AR S AT A A T R AR L

MR 4 B TR IR RS AY 0—6h P ,3 ANAbFE POD 1M R 2218 | TH#a34 6h J5 ACFB HI CK 4bFH
M H 8 POD G PEARSE T, i CHN W %, 9h F130h J& , ACFB Fi1 CHN AbBEASE SR 4R H A POD 5Pk
ETRTR L H I 4 A LA 7R R B RS 9 0—72h 1,3 AbFEAY SOD TS BITE 6 12 .60h Ab Y BRIGAE
ACFB CHN Ab3 7SR F SOD 36 M 34 5k 38 i 1% B (12h 4b Y CHN 03RS ), JEHOZTE 60h B, ACFB
CHN (1) SOD THPEWE 35 8 T4 IR o &b FHSE BLH e CAT TR PELERR 4R 6h A 24h Mo &0 . 755 TR HE 7h
J5 1) 0—48h N, ACFB Fl CHN ALY F- CAT itk —EAR TXH R (& 4) .

100

4000 z 100
Z 9
>~ 3500 #2 - g
3 £ I
== s 2-2 70
SEEE 3000 & ZE
B<g 2 2 60
g 2 2500 gé’@k 50
h=A T 40
1 on
g £ 22000 %é’ 5 30
TES 500 |Eg 20
o
& 10
1000 1 1 1 1 L I I I I ) w 0 1 1 1 1 1 1 L L I )
0 3 6 9 12 24 30 36 48 60 72 0 3 6 9 12 24 30 36 48 60 72
300 A ] Times after inoculation/h
~ 250
2
> =
gg@ 200 —+—ACFB
< — = CHN
1
g 3% 150 —+—CK
EE
RS2

50

0 3 6 9 12 24 30 36 48 60 72
$Fh BT Times after inoculation/h

B4 FmEEWMSSLENIERIS POD.SOD,CAT iFEEZH
Fig. 4 Changes of POD, SOD and CAT activities in apple leaves after inoculation

4 itig

i LT JLT i (CHN) S — R IR TR AR R IR AR 52 b i 20 T 0, e vl IVE MR 17 =it 4R
P A B BT RE T, S SN I A T AR S SRR T S SR SR RV S R
SEILT SR BRI S 1Bt LT o il 5 R Ak B et (830 SR Ay R ot S0 2 SRR a7 3 9 D ol ) R 4, B A 1]
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